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Abstract 
 
DNA’s canonical double helix remains the dominant genetic architecture in known biology, yet 
non-canonical nucleic acid structures—such as G-quadruplexes and i-motifs—demonstrate that 
nucleic acids can access higher-order multistranded conformations in vitro and in vivo. 
 
In this paper, I introduce Q-DNA, defined not as a local quadruplex motif but as a hereditary 
polymer whose canonical, genome-scale ground state is tetra-stranded. I propose a formal 
axiomatic framework distinguishing Q-DNA from motif-level quadruplexes (e.g., 
G-quadruplexes) and specify necessary conditions for canonicality, multi-body recognition rules, 
topologicaladmissibility, and heredity under bounded copying error. I then outline falsifiable 
predictions and an experimental roadmap leveraging synthetic genetics and XNA technologies, 
which have already established that alternative genetic polymers can store and propagate 
information with engineered enzymes. 
 
Keywords: tetra-stranded genome, canonical hereditary state, quadruplex motifs, XNA, 
synthetic genetics, information theory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. Introduction 
 

1.1 Motivation: why “tetra-stranded heredity” deserves a formal definition 
 
The double helix described by Watson and Crick provided a structural explanation for heredity 
and templated replication.  
 
Since then, it has become increasingly clear that nucleic acids occupy a vastconformational 
landscape. G-quadruplexes are now widely discussed as structurally and functionally relevant 
motifs, and i-motif structures have been visualized in nuclei of human cells using 
structure-selective binders. 
 
 
Yet, almost all modern discussions implicitly treat these multistranded forms as: 
 

●​ local (limited genomic segments), 
 

●​ context-dependent (sequence and environment), 
 

●​ and typically embedded within a largely duplex genome. 
 
 
I believe the field lacks a precise language to discuss a radically different possibility: a genetic 
system where the canonical hereditary state is itself tetra-stranded at genome scale. This 
is the conceptual gap I fill with Q-DNA. 

 
1.2 My claim (and what I do not claim) 

 
I claim: there is scientific value in defining a coherent theoretical object—Q-DNA—so that its 
feasibility can be evaluated with the same rigor used for duplex DNA and synthetic genetic 
polymers. 
 
I do not claim: 
 

●​ that Q-DNA exists in extant biology, 
 

●​ that G-quadruplexes imply Q-DNA, 
 

●​ or that a single chemical implementation is already established. 
 
Instead, I define criteria that any putative Q-DNA system must satisfy and provide testable 
predictions. 
 



 
2. Prior Art: Multistranded Nucleic Acids Are Not the Same as 

Canonical Tetra-Heredity 
 

2.1 G-quadruplexes are evidence of multistranded capacity, not of canonical 
tetra-heredity 

 
 
G-quadruplexes (G4s) are four-stranded structures formed by guanine-rich sequences and 
stabilized by specific ionic environments (notably K⁺). They are studied for genome regulation 
and disease contexts. 
 
This matters because it proves that nucleic acids can form stable multistranded states in real 
biochemical settings. However, G4s are still typically treated as motifs rather than a global 
hereditary architecture. 
 
2.2 i-motifs provide a second anchor: four-stranded structures can exist in nuclei 
 
The visualization of i-motif DNA structures in human cell nuclei using an i-motif-selective binder 
is a strong precedent showing that four-stranded DNA structures can form under physiological 
conditions. 
Again, the key distinction remains: i-motifs are localized and conditional. 
 

2.3 Synthetic genetics shows that “genetic material” is a design space 
 
The XNA literature establishes that alternative genetic polymers can store information and be 
replicated or evolved using engineered enzymes, supporting the broader claim that heredity is 
not chemically unique to DNA/RNA. 
This is essential to my argument: Q-DNA can be treated as a system design problem. 
 

 
 
 
 
 
 
 
 
 
 



3. Formal Definition of Q-DNA 
 

3.1 Core objects and notation 
 
I represent a candidate Q-DNA genome as four strands: 
 

●​ 𝑆1,𝑆2,𝑆3,𝑆4, each a sequence over an alphabet Σ (canonical bases or synthetic 
analogs). 

 
●​ A physical state 𝐶𝑄 that embeds all four strands in a tetra-stranded conformation. 

 
●​ A state space 𝑆 of admissible conformations, including duplex-dominant states 𝐶𝐷 and 

motif states 𝐶𝑚𝑜𝑡𝑖𝑓. 
 
I emphasize: Q-DNA is defined at the level of hereditary system behavior, not merely a 
structural snapshot. 
 

 
3.2 Axiom 1 — Canonicality (genome-scale ground-state dominance) 

 
I call a system Q-DNA if there exists an environmental domain Ω (ion composition, temperature 
range, crowding, hydration, etc.) such that for genome-scale lengths the tetra-stranded state 
dominates: 
 
G(CQ∣Ω)≤G(CD∣Ω)−δ  
 
for some margin 𝛿>0 that persists beyond local motifs. 
 
Interpretation: Q-DNA is not “duplex with occasional quadruplex folding.” It is tetra-heredity as 
default. 

 
3.3 Axiom 2 — Multi-body recognition (beyond pairwise base pairing) 

 
Duplex heredity largely relies on pairwise base pairing (a key conceptual feature of the original 
duplex model).  
 
In Q-DNA, I require a recognition scheme that is not reducible to independent pairwise 
constraints. I model recognition as a hypergraph: 
 

●​ Nodes: nucleotide positions across strands 
 

●​ Hyperedges: constraints spanning 3 or 4 nucleotides across strands 



 
This creates an “encoding” where the stable state depends on collective multi-strand 
compatibility, not only pairwise matches. 
 
 

3.4 Axiom 3 — Topological admissibility (global consistency) 
 
For a genome-scale state, topology is not cosmetic; it determines whether replication, 
segregation, and repair can be physically well-posed. I therefore require: 
 

●​ A family of Q-states 𝐶𝑄 exists that is globally consistent under long-polymer 
constraints (no inevitable knots/links that forbid copying/segregation at scale), or that 
admits an explicit resolution mechanism. 

 
This axiom becomes the foundation for the next paper in the series (classification of Q 
topologies). 
 

 
3.5 Axiom 4 — Heredity mapping with bounded copying error 

 
I define heredity as the existence of a replication operator 𝑅 that maps parent strands to 
offspring strands:  
 
𝑅:(𝑆1,𝑆2,𝑆3,𝑆4)→(𝑆1′,𝑆2′,𝑆3′,𝑆4′) 
 
with an average per-symbol error rate 𝜀 that is bounded below a regime compatible with long 
sequences. 
 
I include this axiom because information propagation under noise is a fundamental constraint on 
any hereditary system, independent of chemistry. (If needed for later papers, I can explicitly 
formalize this via channel coding language.) 
 

3.6 Axiom 5 — Biochemical plausibility via synthetic genetics (not necessarily 
natural enzymes) 

 
I do not require that extant enzymes replicate Q-DNA. Instead, I require plausible 
implementability through engineered polymerases or synthetic systems—an assumption 
consistent with XNA results demonstrating enzyme-enabled replication and information 
propagation for non-canonical genetic polymers. 
 
 
 
 



4. Operational Exclusion Tests: When Something Is Not Q-DNA 
 
I treat Q-DNA as falsifiable by design. A candidate system is not Q-DNA if any of the following 
hold: 
 

1.​ Motif-limited: tetra-structure forms only in short segments while the genome remains 
duplex-dominant (typical motif quadruplex behavior). 

 
2.​ Environment-fragile: tetra-state only exists in extremely narrow conditions that cannot 

support stable heredity across replication cycles. 
 

3.​ Recognition reducible: the encoding reduces to independent base pairs; the 
tetra-structure is an epiphenomenon. 

 
4.​ No heredity operator: no plausible replicative mapping exists even in principle (with 

engineered systems). 
 

5.​ Topological dead end: global state implies unavoidable entanglement preventing 
segregation. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5. Testable Predictions 
 

5.1 Prediction P1: Existence of canonicality windows in environmental space 
 
Because multistranded structures (G4, i-motif) show strong dependence on ions and conditions, 
I predict Q-DNA candidates will also have stability windows defined by salt/crowding regimes. 
 
Test strategy: design sequences/chemistries; measure relative stability of tetra-state vs 
duplex/alternatives across Ω. 
 

5.2 Prediction P2: Distinct mechanical signatures at single-molecule level 
 
A genome-scale tetra-state should show distinct force–extension and torque responses 
compared with duplex DNA. 
 
Test strategy: optical tweezers / magnetic tweezers on designed constructs; compare 
unfolding/refolding hysteresis. 
 
 

5.3 Prediction P3: Replication requires characteristic intermediates 
 
Unlike duplex semi-conservative replication, Q-DNA replication should require strand 
partitioning logic (e.g., 2+2 segregation or stepwise reconstruction). 
 
Test strategy: time-resolved assays (fluorescent strand labeling) once a biochemical replication 
scheme exists. 

 
5.4 Prediction P4: Multi-body recognition yields different mutational robustness 

regimes 
 
I predict certain mutation classes will be “absorbed” by multi-strand redundancy (increased 
robustness), while others will produce correlated failure modes (new fragilities). This can be 
quantified once a rule set 𝐻 is chosen. 
 
 

 
 
 
 
 
 



 
6. Proposed Figures (with captions) 

 

 
Figure A. “Motif Quadruplexes vs Canonical Q-DNA: A Conceptual Boundary” 
 
Caption: I contrast duplex genomes containing local quadruplex motifs with a genome whose 
canonical ground state is tetra-stranded. I also sketch an energy landscape: motifs correspond 
to local basins, while Q-DNA corresponds to the dominant global basin. 
 
 



 
 
Figure B. “Canonicality Phase Diagram in Environmental Space” 
 
Caption: I show a conceptual phase map (e.g., ionic strength vs temperature) with regions 
where tetra-state dominates, where duplex dominates, and where kinetics prevents 
equilibration. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



7. Discussion 
 

7.1 Why I insist on “canonicality” (and why motifs are insufficient) 
 
The existence of four-stranded motifs in cells is important evidence that nucleic acids can adopt 
multistranded states under physiological conditions, as shown by in vivo i-motif visualization and 
live-cell G4 studies and reviews. 
 
But motif existence does not imply a global hereditary architecture. The “canonical” structure 
must dominate across genome lengths and across replication cycles. This is why Axiom 1 is the 
cornerstone: it prevents Q-DNA from collapsing into a relabeling of known motif biology. 
 

7.2 The deepest scientific risk: electrostatics and kinetics 
 
A tetra-stranded genome increases backbone charge density and can introduce kinetic traps. 
Even if a tetra-state is thermodynamically stable for a short motif, genome-scale formation may 
be kinetically inaccessible without chaperoning or specialized enzymes. I therefore treat 
canonicality as thermodynamic + kinetic: dominance must occur in a physically reachable 
manner for heredity. 
 

7.3 Why synthetic genetics makes Q-DNA more than philosophy 
 
If heredity were inseparable from DNA’s exact chemistry, Q-DNA would be speculation. 
However, XNA work demonstrates that alternative genetic polymers can store and propagate 
information with engineered enzymes, reframing heredity as a broader design space.  
This does not prove Q-DNA exists—but it makes the proposal scientifically actionable 
 

7.4 What would count as “minimum proof” of Q-DNA? 
 
I propose a minimum proof package: 
 

1.​ Structural proof: reproducible tetra-state as dominant conformation for long constructs 
under a defined Ω. 

 
2.​ Stability proof: tetra-state persists through simulated replication-like perturbations 

(thermal/ionic cycling). 
 

3.​ Heredity proof (partial): a demonstrable copying operator for at least one strand subset 
with bounded error, scalable in principle. 

 
4.​ Exclusion proof: show that the system is not explainable as duplex DNA plus local 

motifs. 
 



 
7.5 Scope and limits 

 
This paper is intentionally definitional. It does not attempt to “win” the chemistry problem in one 
step. Instead, it establishes a clear target so that future work can be cumulative: topology 
classification, energy models, explicit candidate chemistries, replication schemes, and 
evolvability simulations. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8. Conclusion 
 
In this paper, I formally define Q-DNA as a canonical, genome-scale tetra-stranded 
hereditary polymer, explicitly distinct from local quadruplex motifs such as G-quadruplexes and 
i-motifs that—while biologically relevant—do not constitute alternative global hereditary ground 
states. 
 
I provide axioms for canonicality, multi-body recognition, topology, and heredity under bounded 
copying error, and I outline falsifiable predictions and a feasible research roadmap grounded in 
synthetic genetics and XNA progress.  
 
By isolating the concept of tetra-stranded heredity from motif-level quadruplex biology, I aim to 
convert a provocative idea into a precise research object—one that can be tested, refined, or 
rejected with standard scientific methods. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



References 
 
Watson JD, Crick FHC. Molecular Structure of Nucleic Acids: A Structure for Deoxyribose 
Nucleic Acid. Nature (1953). 
 
Varshney D, Spiegel J, Zyner K, Tannahill D, Balasubramanian S. The regulation and 
functions of DNA and RNA G-quadruplexes. Nat Rev Mol Cell Biol (2020). 
 
“The Structure and Function of DNA G-Quadruplexes.” (Cell Press review page / 
resource) 
 
Zeraati M, et al. I-motif DNA structures are formed in the nuclei of human cells. Nat Chem 
(2018). 
 
Review: I-Motif DNA: identification, formation, and cellular functions. Trends Biochem Sci 
(2024). 
 
Holliger P. The XNA world: Progress towards replication and evolution of synthetic 
genetic polymers. Curr Opin Chem Biol (2012). 
 
Holliger Lab overview of XNA capabilities (institutional summary). 
 
Chuck, C., Robinson, J., & Ndenga, B. (2025). Bio-Adaptive Quantum Error Correction: 
Immune-Inspired Priors Enable 22–65% Overhead Reduction in Surface-Code Decoding 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17684948 
 
Maman Moussa Maman, M., & Ndenga, B. (2025). Nutritional and Nutraceutical 
Valorization of Edible Grasshoppers from Niger: A Multi-Omics Characterization 
Integrated with Artificial Intelligence for Personalized Food Formulations (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17841603 
 
Maman Moussa Maman, M., & Ndenga, B. (2025). Mathematical and Nutritional Modeling 
for Predicting the Effectiveness of Malaria Preventive Interventions: An Integrated 
Epidemiological Framework for Population-Level Risk and Response Optimization 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17886414 
 
Maman Moussa Maman, M., & Ndenga, B. (2025). Beyond Body Mass Index: Development 
of the Adjusted Central Corpulence Index (ICCA) Integrating Age, Sex, and Abdominal 
Adiposity for Cardiometabolic Risk Assessment (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17955316 
 
Maman Moussa Maman, M., & Ndenga, B. (2025). Artificial Intelligence–Driven 
Personalized Optimization of Antimalarial Therapies Through the Integration of Nutrition, 



Phytotherapy, and Pharmacology: A Multi-Factor Predictive Modeling Framework 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17861029 
 
Maman Moussa Maman, M., & Ndenga, B. (2025). AI-Enhanced Biochemical Discovery 
and Optimization of Antimalarial Compounds from Indigenous Medicinal Plants: An 
Integrative Framework for Data-Driven Natural Product Drug Development (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17868086 
 
Makiasi Hambadiana, Y., & Ndenga, B. (2025). Development of a Nutrient-Dense Infant 
Porridge Based on Local Ingredients in Kinshasa (DRC): The Hamba's Society Model 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17089147 
 
Makiasi Hambadiana, Y., & Ndenga, B. (2025). Prostate-Protective Bioactivity of Cucurbita 
maxima Seeds: Molecular Pathways, Endocrine Regulation, and Clinical Relevance 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17880798 
 
Makiasi hambadiana, Y., & Ndenga, B. (2025). Biocatalytic and Cytoprotective Role of the 
Zinc–L–Carnosine Complex in Gastric Mucosal Regeneration (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17410492 
 
Makiasi Hambadiana, Y., & Ndenga, B. (2025). Functional and Preventive Potential of 
Cucurbita maxima as a Nutritional Therapeutic Agent. (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17763294 
 
Ndenga, B. (2025). Information-Driven Order Formation in Natural and Artificial Systems 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17970157 
 
Ndenga, B. (2025). Quantum π in Biomolecular Dynamics: Proteins as Nano-Quantum 
Fluids (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17795878 
 
 
Ndenga, B., & Sharma, H. (2025). Information Against Entropy: Toward a Governing 
Principle of Organization in Complex Systems (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17944808 
 
Ndenga, B., & Himanshi, . sharma . (2025). Microcapsule-Enabled Self-Healing Silicon 
Anodes for Next-Generation Lithium-Ion Batteries: A Conceptual Design, Materials 
Framework, and Technical Feasibility Study (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17981741 
 
Ndenga, B. (2025). Legume-Derived Anti-Angiogenic Networks Targeting Renal Cell 
Carcinoma: Mechanistic Insights into Polyphenol–Saponin–Fiber Bioactive Complexes 
from Phaseolus vulgaris (Version V1). Zenodo. https://doi.org/10.5281/zenodo.18005392 
 



Ndenga, B. (2025). Climate-Adaptive Batteries: Passive Thermal Regulation of Lithium-Ion 
Batteries Using Thermochromic Functional Surface Films (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17999867 
 
Ndenga, B. (2025). Information, Entropy, and System Dynamics: A Unified Framework 
Toward an Extended Thermodynamic Principle of Organization Across Physical, 
Biological, and Computational Systems (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17924903 
 
Ndenga, B. (2025). The Informational Foundations of Organization in Physical and 
Biological Systems : Toward an Extended Thermodynamic Principle of Self-Organization 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17917388 
 
Ndenga, B. (2025). On Organizational Efficiency and the Limits of Non-Equilibrium 
Thermodynamics Toward an Information-Centered Theory of Organization (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17931806 
 
Ndenga, B. (2025). R-Law AI: A Thermodynamic Information–Entropy Framework for 
Self-Organizing Neural Networks Based on the IOE Principle (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17860353 
 
Ndenga, B. (2025). The Extended Fifth Law of Thermodynamics: Establishing Information 
as a Fundamental Physical Quantity (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17904738 
 
Ndenga, B. (2025). THE PRINCIPLE OF INFORMED ORGANIZATIONAL EFFICIENCY : A 
Comprehensive Foundational Framework for an Extended Fifth Law of Thermodynamics 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17848436 
 
Ndenga, B. (2025). Nano-Turbulence in Biological Systems: A New Paradigm (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17803565 
 
Ndenga, B. (2025). Schrödinger–Navier–Stokes–π Unified Computational Framework : A 
Unified Theoretical and Numerical Architecture for Quantum-Coherent Fluid Dynamics 
Across Physical and Biological Scales (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17832286 
 
Ndenga, B. (2025). The Complete Solution to the Glass Transition: A Unified 
Energy–Topology Landscape (ETL) Framework (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17741451 
 
Ndenga, B. (2025). Quantum-Fluid Interpretation of Enzymatic Tunnels and Energy 
Transport (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17822207 
 



Ndenga, B. (2025). Schrödinger–Navier–Stokes–Quantum-π: A Unified Model and Hybrid 
Numerical Method for Quantum Fluids with π-Phase Structure (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17770899 
 
Ndenga, B. (2025). Quantum π-Unification II: Definition, Mathematical Structure, and 
Foundational Properties of the Quantum π for Molecular Systems (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17716546 
 
Ndenga, B. (2025). H-ImmQπDecoder v2.0: A Bio-Inspired Quantum Error Decoder 
Integrating Immune Adaptation, Quantum-π Phase Control, and Quantum Metabolism 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17782652 
 
Ndenga, B. (2025). The Octet Rule Revisited: A Quantum-Continuum Framework for 
Chemical Bonding (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17703765 
 
Ndenga, B. (2025). Foundations of Quantum-π in Molecular Systems: A Fundamental 
Descriptor of Delocalization, Electronic Structure, and Molecular Stability. Zenodo. 
https://doi.org/10.5281/zenodo.17692965 
 
Ndenga, B. (2025). Quantum π-Index in Advanced Materials: Predictive Framework for 
Nanostructures, Functional Polymers, and Superconducting States (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17662004 
 
Ndenga, B. (2025). Q-Synapse: A Hybrid Quantum–AI Platform for Tumor State 
Classification Using Real Genomic Data (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17655039 
 
Ndenga, B. (2025). Crystal-Guided AI Phototherapy for Personalized Oncology (Version 
V1). Zenodo. https://doi.org/10.5281/zenodo.17398364 
 
Ndenga, B. (2025). Quantum π-Driven Predictive Chemistry: Applications to Reactivity, 
Electronic Structure, and Simulation-Based Forecasting (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17654148 
 
Ndenga, B. (2025). Numerical Solution of the Navier-Stokes Equations in 3D Using the 
Finite Volume Method: Application to the Millennium Problem. Zenodo. 
https://doi.org/10.5281/zenodo.15531853 
 
Ndenga, B. (2025). Electronless Nuclear Matter: Magnetic Confinement and Bonding of 
Bare Nuclei in Extreme Fields (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.15764734 
 



Ndenga, B., & Ndenga, B. (2025). AutoEvoChem V2.0 – A Smart Molecular Simulation & 
Synergy AI Toolkit for Computational Chemists and Biopharma Researchers. Zenodo. 
https://doi.org/10.5281/zenodo.15774 
 
Ndenga, B. (2025). NanoChemicalDisc RDC-1000: A Novel Molecular Approach to 
Low-Cost Data Storage Using Colorimetric Encoding. Zenodo. 
https://doi.org/10.5281/zenodo.15871728 
 
Ndenga, B. (2025). Autoevolving Nanodisk with Unlimited Memory: A Bioinspired and 
Quantum-Spiritual Approach (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.16569012 
 
Ndenga, B. (2025). Self-Adaptive Photosynthetic Quantum Crystal: A Bioinspired 
Innovation for Intelligent Light Harvesting and Energy Conversion (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.16585048 
 
Ndenga, B. (2025). Quantum-Nuclear DNA Computing: Using Nucleotide Spin States as 
Biological Quantum Bits for Molecular Calculations (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.16891194 
 
Ndenga, B. (2025). BECChem: Self-Evolving Chemical AI for Advanced Molecular 
Analysis (Version V1). Zenodo. https://doi.org/10.5281/zenodo.16934328 
 
Ndenga, B. (2025). Nuclear Matter Without Electrons: The Magneto-Nuclear Periodic Table 
(MNPT) and the Taxonomy of Nucleomorphs (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.16955871 
 
Ndenga, B. (2025). Design of Multi-Target Hybrid Molecules for Synergistic Therapy of 
Malaria and Human African Trypanosomiasis (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17074442 
 
Ndenga, B. (2025). Biological Neural Calculator Using Plant-Based Electromagnetic 
Responses (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17094316 
 
Ndenga, B. (2025). Title: Molecular Wormhole Chemistry: Electronic Non-Locality Induced 
by Wormhole-Like Geometries in Conjugated Molecular Systems (Version V1). Zenodo. 
https://doi.org/10.5281/zenod.17114802 
 
Ndenga, B. (2025). Towards a Unified AI-Driven Quantum Framework: Beyond Density 
Functional Theory for 3D Materials. https://doi.org/10.5281/zenodo.17148362 
 
Ndenga, B. (2025). A Knot-Theoretic Approach to Turbulence: Toward Predictive 
Invariants in 3D Fluid Flows (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17172786 



 
Ndenga, B. (2025). Towards a Unified Field Theory of Chemistry: Bridging Quantum, 
Organic, and Biochemical Reactions through a Single Formalism (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17217047 
 
Ndenga, B. (2025). Vacuum Metabolism: A Theoretical Framework for Biological 
Exploitation of Quantum Zero-Point Energy (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17261682 
 
Ndenga, B. (2025). The Darwin Limit: Mathematical Constraints on the Speed of 
Biological Evolution (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17280016 
 
Ndenga, B. (2025). Integrating AI, Photonics, and Molecular Modeling: The Future of 
Precision Medicine (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17295049 
 
Ndenga, B. (2025). Photonics + AI: Revolutionizing In Silico Drug Design (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17315749 
 
Ndenga, B. (2025). Photonics and AI in Computational Oncology: Accelerating the Design 
of Next-Generation Cancer Therapies (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17341571 
 
Ndenga, B. (2025). AI-Driven Light-Spectrum Optimization for Photonic Drug Discovery 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17360624 
 
Ndenga, B. (2025). Photon-Enhanced AI Platforms for Multimodal Therapeutics (Version 
V1). Zenodo. https://doi.org/10.5281/zenodo.17373765 
 
Ndenga, B. (2025). AI-Optimized Photon-Assisted Molecular Docking for Rapid Drug 
Discovery (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17416035 
 
Ndenga, B. (2025). Photonics + AI for Real-Time Molecular Interaction Mapping (Version 
V1). Zenodo. https://doi.org/10.5281/zenodo.17435502 
 
Ndenga, B. (2025). Light-Speed AI for Personalized Drug Optimization (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17456941 
 
Ndenga, B. (2025). Introduction to the Concept of π in the Quantum World (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17509410 
 
Ndenga, B. (2025). π in Fundamental Quantum Systems (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17532815 
 



Ndenga, B. (2025). Spectrally-Driven Active Learning Enables Femtojoule-Efficient 
Discovery of Photocatalysts in Under One Hour: The LuminaFemto AI Platform (Version 
V1). Zenodo. https://doi.org/10.5281/zenodo.17497652 
 
Ndenga, B., & Ometie, C. (2025). Polyunsaturated Neuroprotectants as Adjuvant Agents: 
Anti-Proliferative and Membrane-Stabilizing Effects of Nuciferous Compounds from 
Juglans regia in Invasive Glioma Models (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17557055 
 
Ndenga, B. (2025). The IOE Ratio: Quantifying Organizational Potential in Complex 
Systems (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17956802 
 
Ndenga, B. (2025). Bio-IA Supercomputer: Concept, Design, and Implementation of an 
AI-Integrated Biocomputer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17562958 
 
Ndenga, B. (2025). π and the Quantum Structure of Probability: From Wavefunction 
Normalization to Statistical Distributions (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17569342 
 
Ndenga, B. (2025). π as a Quantum Signature: Applications and Universal Implications 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17589339 
 
Ndenga, B. (2025). Hormonal Receptor Modulation by Lipid Phytoconstituents: The Role 
of Monounsaturated Fatty Acids and Folate Derivatives from Persea americana in 
Endometrial Carcinogenesis Prevention (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17595231 
 
Ndenga, B. (2025). Gastro-Oncology of Ginger: A Molecular Dissection of Gingerols and 
Shogaols as Dual Anti-Inflammatory and Anti-Mutagenic Agents in Gastric 
Carcinogenesis — with AutoEvoChem V2.0 Simulation Pipeline (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17665633 
 
Ndenga, B. (2025). π and Delocalized Electrons: A Quantum-Chemical Reassessment of 
Coherence, Stability, and Molecular Structure (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17613175 
 
Ndenga, B. (2025). Toward a Quantum Definition of π in Molecular Systems: Original 
Formula, Mathematical Framework, and Foundational Implications (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17633204 
 
Ndenga, B. (2025). Innovative Limonoid-Based Targeted Therapy: Citrus-Derived 
Compounds for Selective Apoptosis and Cell-Cycle Control in Estrogen-Dependent 
Breast Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17619732 
 



Ndenga, B. (2025). Carotenoid Signaling and Mitochondrial Protection at the Crossroads 
of Cardio-Oncology: Lycopene as a Dual Modulator of Cardiovascular and Cancer Risk 
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.18009606 
 
Ndenga, B. (2025). Resolving Nanoscale Reaction Kinetics: A Unified Framework from 
Classical Chemistry to Quantum Collectivity (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17754650 
 
Ndenga, B. (2025). Q-BattX Cloud™: A Quantum-AI–Driven Cloud Platform for 
Next-Generation Energy Storage Simulation and Optimization (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17643284 
 
Ndenga, B. (2025). Correlated Quantum Matter Beyond Band Theory: A 
Continuum-Interaction Formalism for Strongly Coupled Electrons (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17727011 
 
MULONSO, H., Ndenga, B., & MATAMBA MPINGIJA, C. (2025). Techniques Used for 
Analyzing Fatty Acids in Food (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17417545 
 
MULONSO, H., Ndenga, B., & Kabena Ilunga, M. (2025). Antioxidant Potential of 
Cymbopogon citratus Leaf Extracts in the Prevention of Oxidative Stress Involved in 
Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17429758 
 
MULONSO, H., Ndenga, B., & MATAMBA MPINGIJA, C. (2025). Metabolomic Study of 
Bioactive Compounds in Cymbopogon citratus: Identification of Antioxidant Molecules 
with Potential Anticancer Activity (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17458790 
 
MULONSO, H., & Ndenga, B. (2025). Phytochemical Analysis and Free Radical 
Scavenging Activity of Methanolic and Chloroformic Extracts of Cymbopogon citratus: 
Implications for Cancer Chemoprevention (Version V1). Zenodo. 
https://doi.org/10.5281/zenodo.17489746 
 
MULONSO, H., & Ndenga, B. (2025). Therapeutic Perspectives of Natural Compounds 
from Cymbopogon citratus in the Management of Oxidative Stress Associated with 
Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17504613 
 
MULONSO, H., & Ndenga, B. (2025). Evaluation of the Anti-inflammatory and Antioxidant 
Effects of Cymbopogon citratus as Adjuvant Agents in Cancer Therapy (Version V1). 
Zenodo. https://doi.org/10.5281/zenodo.17518166 
 



MULONSO, H., & Ndenga, B. (2025). Contribution of Enzymatic and Non-Enzymatic 
Antioxidants from Cymbopogon citratus to Cellular Protection Against Oxidative Damage 
in Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


